Cryptosporidium is a well-known cause of diarrhoea in humans. Little is known about risk factors associated with endemic cryptosporidiosis, which constitutes the majority of cases. We carried out metaanalyses to verify if drinking water is also associated with endemic infection and to assess the magnitude of the associations. The global meta-analysis suggests that there is an increased risk of Cryptosporidium infection among unsafe water users (OR 1.40 [1.15, 1.72]). Studies were stratified, according to the exposure to different sources of safe drinking water, due to the heterogeneity presented. The consumption of non-well and unboiled water was associated with an increased chance of endemic cryptosporidiosis, though only the latter was significant (OR 1.45 [0.95, 2.20]; OR 1.61 [1.09, 2.38]). Drinking non-bottled water did not present a risk factor associated with endemic cryptosporidiosis (OR 0.87 [0.72, 1.05]). These meta-analyses present results that could be useful to clarify the epidemiology of Cryptosporidium. We recommend that other risk factors could also be studied by this approach.
Introduction
Cryptosporidium is a coccidian protozoan parasite described in many host species since the last century (Casemore, 1990) . It was first documented as a human pathogen in 1976 and it has been recognised worldwide as a major cause of diarrhoea disease in humans (Casemore, 1990) . Oocysts, excreted in the faeces of the infected host, are hardy, resistant to chlorine, small enough to penetrate in many filters and may survive for many months in water (Casemore, 1990) . Transmission occurs through person-to-person or animal-to-person contact, ingestion of faecally contaminated water or food, or contact with faecally contaminated surfaces (Casemore, 1990) .
Based on detection of oocysts in faecal samples, the prevalence of human infection in African countries (2.6-21.3%), Central and South American countries (3.2 -31.5%), Asian countries (1.3 -13.1%) and others in the Pacific and Caribbean areas, is greater than that in Europe (0.1 -14.1%) or North America (0.3 -4.3%) (Fayer, 2004) . The clinical course and severity of infection can vary considerably from person to person, depending in large part on the immune status of the host. In persons with immune deficiencies related to malnutrition, viral infections such as measles and HIV virus, and exogenous immunotherapy for cancer or other diseases, the duration and severity of illness can be enourmous, leading in some cases to death (Fayer, 2004) .
Most epidemiological studies have focused on cryptosporidiosis outbreaks and little is known about the role of the various transmission routes in endemic situations. However, most of the cases are due to sporadic rather than outbreak-associated infection (Dietz et al., 2000) . Large outbreaks have been associated with contaminated drinking water (Smith and Rose, 1998) and uncertainty still exists about the role of water in the transmission of endemic infection (Smith et al., 1993) . Is drinking water a major risk factor associated with cryptosporidiosis? Some studies have found associations between drinking unsafe water (surface or tap water with no further treatment) and a higher risk of acquiring Cryptosporidium infection (Goh et al., 2004) , some have shown no effect (Robertson et al., 2002; Khalakdina et al., 2003) while others have shown a protective effect, related to acquired immunity (Casemore, 1990; Frost et al., 2001 Frost et al., , 2002 Frost et al., , 2003 Frost et al., , 2005 .
In order to clarify this question, we carried out a systematic review of the literature on cryptosporidiosis and drinking water and conducted meta-analyses to assess the magnitude of the association between drinking water and endemic Cryptosporidium infection. The use of systematic methods in reviews is justified due to bias limitation and reduction of chance effects, thus providing more reliable results upon which to draw conclusions and make decisions (Antman et al., 1992) .
Meta-analysis has been widely used in the health sciences but not in water and sanitation investigations. A large meta-analysis was published in January 2005 (Fewtrell et al., 2005) focusing on the association between water, sanitation and hygiene interventions and diarrhoea reduction, but there are no known meta-analyses about water and cryptosporidiosis.
Materials and methods
The procedures of the systematic review were based on Cochrane Reviewers' Handbook 4.2.2 (Alderson et al., 2003) . A search strategy was used to identify studies regarding the relationship between sporadic cryptosporidiosis and drinking water. Keyword searches that paired "Cryptosporidium infection", "cryptosporidiosis", "endemic cryptosporidiosis" or "sporadic cryptosporidiosis" with "water source", "drinking water" or "water supply" were performed in the following databases: Cochrane Central Register of Controlled Trials, MEDLINE, LILACS and SCIRUS. Searches were limited to the period January 1989 to March 2005, date of the last study collected. References of the selected studies were also examined for additional articles. Language of publication and location were no restrictions to study selection. Extraction and quality assessment of studies were carried out by two reviewers. Assessment of the titles of the found articles was the first step of analysis. If it referred to the variables under study, the abstract was read. If the abstract was relevant for the review, the complete article was obtained. The studies that examined the occurrence of cryptosporidiosis exclusively in HIV/AIDS patients were excluded.
The inclusion criteria used to select studies were: (a) the study could provide dichotomous data; (b) the study should include a population with past or recent endemic Cryptosporidium infection; (c) the study should compare exposures to different sources of drinking water; (d) the study should provide sufficient data for quantitative analysis.
Data on endemic cryptosporidiosis and drinking water were extracted from the selected studies. Some authors were contacted to obtain missing information. Those individuals who had a positive stool or serological test of recent infection (Clark, 1999; Frost et al., 2002 Frost et al., , 2003 were assigned to the infected group. Those ones who were reported as drinking unsafe water were assigned to the exposed group. The exposure to unsafe water was either defined by each study author or by the prevailing definition on the technical literature.
Dichotomous data (infected/unsafe water, infected/safe water; not infected/unsafe water, not infected/safe water) were pooled in meta-analyses by use of RevMan software (Review Manager, version 4.2.7; The Cochrane Collaboration, Oxford, UK). RevMan Analyses (2003) was used to calculate odds ratio (OR) and 95% confidence interval (CI) for the data abstracted from articles. So, an OR of more then one indicates an increase F.A.S. Gualberto and L. Heller in the risk of Cryptosporidium infection in the unsafe water group compared with the group exposed to safe drinking water. The results were considered of statistical significance if the 95% CI did not include unity. Data provided by one study could be used more than once in meta-analyses, if the authors had evaluated more than one source of drinking water or had compared different locations.
A test of heterogeneity was performed to verify the occurrence of a significant variability among studies. Random-effects models were used to summarise the odds ratio estimates if the test of heterogeneity was significant ( p , 0.20). If it was not significant, fixed-effects models were used.
Results and discussion
In the investigation, 579 titles were screened, 280 relevant abstracts were identified and 54 articles were completely read. As presented in Table 1 , 19 studies met the inclusion criteria and were selected for further analysis. They provided 33 OR values, since some of them gathered populations from different locations or analysed more than one type of drinking water source.
The systematic review revealed a great variability among the selected studies, regarding the type of exposure (unsafe water) and the characteristics of the population (see Table 1 ). This observation was confirmed by the test for heterogeneity ( p , 0.00001) when all the studies were pooled in the meta-analysis. This general meta-analysis (Figure 1) , which evaluated the exposure to unsafe drinking water against safe drinking water, suggests that there is an increased risk of endemic Cryptosporidium infection among those who consume unsafe water (OR 1.40 [1.15, 1.72]) from different sources.
Taking into consideration the heterogeneity presented by this overall meta-analysis, the studies were stratified, according to the exposure to different sources of safe drinking water, into the following groups (number of outcomes): well water (10), boiled water (7) and bottled water (5). In all cases, the exposed group was compared with the unsafe water group (people who did not consume each specific source of safe water). Data from studies regarding other sources of drinking water (filtered water, water stored in tanks) were excluded from meta-analyses because only a few studies considered these exposure routes. The variability among studies was reduced, but only the bottled water group presented no significant heterogeneity ( p ¼ 0.34).
The consumption of non-well and unboiled water was associated with an increased chance of endemic cryptosporidiosis (Figures 2 and 3) , though only the latter was significant (OR 1.45 [0.95, 2.20] ; OR 1.61 [1.09, 2.38], respectively). Drinking non-bottled water was associated with a reduced risk of sporadic Cryptosporidium infection (Figure 4 ), although the result was not significant (OR 0.87 [0.72, 1.05]).
The heterogeneity observed in the overall meta-analysis and in the stratified water sources (well and boiled water) could be potentially attributed to the following points: (1) there is no consensus about what source of drinking water could be considered to be safe in sporadic cryptosporidiosis (Khalakdina et al., 2003; Roy et al., 2004) ; (2) the quality of the safe water in each location is variable; (3) the exposure to other risk factors was variable among studies; (4) the susceptibility among the populations included in meta-analyses could also be variable, according to social-economic status, age, other associated comorbidities and acquired protective immunity (Casemore, 1990; Zu et al., 1994; Isaac-Renton et al., 1999; Leach et al., 2000; Frost et al., 2001 Frost et al., , 2002 Frost et al., , 2003 Frost et al., , 2005 .
Despite variability, drinking unsafe water, apart from the bottled water group, was significantly associated with an increased risk of sporadic Cryptosporidium infection. This suggests that the sources of drinking water implicated in cryptosporidiosis outbreaks and that are more usually reported in the literature as unsafe are also associated with endemic infection. However, during outbreaks this association is much stronger (Smith and Rose, 1998) than the magnitude observed during sporadic infections. This could be attributed to the low-level intermittent Cryptosporidium oocyst contamination of public or private drinking water supplies that is usually associated with the sporadic form (Goh et al., 2004) . Another probable cause is that this intermittent contamination with low oocyst levels could boost the immune system (Leach et al., 2000; Frost et al., 2005) , protecting against subsequent infections. Consumption of well water and boiled water were shown to be protective factors, reducing the risk of cryptosporidiosis infection by 31 and 38%. The different quality of the well water could be responsible for the heterogeneity and the non-significant level presented in this group. In some studies well water was provided by the municipal water supply (Zu et al., 1994; Isaac-Renton et al., 1999; Frost et al., 2001 Frost et al., , 2002 Roy et al., 2004) while in others it was obtained from hand-dug private wells (Leach et al., 2000; Frost et al., 2003) . The latter ones are more prone to contamination (Frost et al., 
2003)
, but also public borehole supplies may lead to a waterborne outbreak (Morgan et al., 1995) .
The heterogeneity in the group that have drunk boiled water could be explained by the variable degree of consumption. It is difficult to determine by personal surveys, because of recall bias, if the total amount of water drank is exclusively boiled. The punctual use of unboiled water could be responsible for personal contamination, since few oocyts are necessary for infection (Iqbal et al., 1999) . Some authors (Robertson et al., 2002; Khalakdina et al., 2003; Goh et al., 2004; Hunter et al., 2004) quantified the amount of unboiled water drank. Goh et al. (2004) found a highly significant dose-response association for unboiled water use and criptosporidiosis and it is well established that boiling water kills oocysts (Fayer, 2004) .
Consumption of bottled water was shown to be a potential risk factor for sporadic cryptosporidiosis. Contamination of spring water could cause this result (Weinstein et al., 1993) . Also, the absence of protective acquired immunity by bottled water consumers, who would be more susceptible to infections when exposed to other risk factors, could explain the result (Casemore, 1990; Frost et al., 2001 Frost et al., , 2002 Frost et al., , 2003 Frost et al., , 2005 Robertson et al., 2002; Khalakdina et al., 2003) . Another possible explanation could be that bottled water users tend to underreport tap water consumption, i.e. they are not exclusively bottled water users (Frost et al., 2001) .
Conclusions
In this systematic review and meta-analyses the relationship between endemic cryptosporidiosis and drinking water source was investigated, providing results that could be useful to clarify the epidemiology of Cryptosporidium infection. The meta-analyses showed that drinking unsafe water increases the risk of endemic cryptosporidiosis (OR 1.40 [1.15, 1.72] ) and that drinking unboiled water was associated with an increased chance of endemic cryptosporidiosis (OR 1.61 [1.09, 2.38]).
The results suggest that boiling water could reduce endemic cryptosporidiosis. Because the risk of acquiring Cryptosporidium infection by drinking unsafe water is of Some questions remain, like the suggested increase of the risk of drinking bottled water and the role of other risk factors in the epidemiology of endemic cryptosporidiosis. Carrying out other meta-analyses potentially could help to clarify these issues as well as other relevant issues related to health risks of water supply and sanitation exposures.
